J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes

ORIGINAL ARTICLE

Effects of a novel selective peroxisome
proliferator-activated receptor-« modulator,
pemafibrate, on hepatic and peripheral glucose
uptake in patients with hypertriglyceridemia
and insulin resistance

lkuro Matsuba'*(%), Ren Matsuba? Shun Ishibashi®, Shizuya Yamashita®*, Hidenori Arai®, Koutaro Yokote’,

Hideki Suganami®, Eiichi Araki®

'Matsuba Clinic, “Department of Internal Medicine, Division of Metabolism and Endocrinology, St. Marianna University School of Medicine, Kanagawa, *Division of Endocrinology
and Metabolism, Department of Medicine, Jichi Medical University, Tochigi, “Department of Community Medicine and Department of Cardiovascular Medicine, Osaka University
Graduate School of Medicine, “Rinku General Medical Center, Osaka, °National Center for Geriatrics and Gerontology, Aichi, 7Deparrmen‘[ of Clinical Cell Biology and Medicine,
Chiba University Graduate School of Medicine, Chiba, ®Clinical Data Science Department, Kowa Company, Ltd, Tokyo, and “Department of Metabolic Medicine, Faculty of Life

Sciences, Kumamoto University, Kumamoto, Japan

Keywords

Glucose clamp(s), Insulin resistance,
Selective peroxisome proliferator-
activated receptor-o. modulator

*Correspondence

lkuro Matsuba

Tel: +81-44-522-1678
Fax: +81-44-522-1698
E-mail address:
ikuro@matsuba-web.com

J Diabetes Investig 2018; 9: 1323-1332
doi: 10.1111/jdi.12845

Clinical Trial Registry

Japan Pharmaceutical Information

Center
JapicCTl-142410

ABSTRACT

Aims/Introduction: Pemafibrate is a novel selective peroxisome proliferator-activated
receptor-o. modulator with potent triglyceride-lowering and high-density lipoprotein
cholesterol-raising effects. We showed that pemafibrate decreased the homeostatic model
assessment for insulin resistance in patients with dyslipidemia. To investigate how pemafi-
brate improves insulin sensitivity, we used a hyperinsulinemic-euglycemic clamp technique
to determine the splanchnic and peripheral glucose uptake in patients with hypertriglyc-
eridemia and insulin resistance.

Materials and Methods: A total of 27 patients with hypertriglyceridemia and insulin
resistance were randomly assigned to receive pemafibrate (04 mg/day, bid) or placebo
treatment for 12 weeks. The hyperinsulinemic-euglycemic clamp test combined with oral
glucose loading was carried out at weeks 0 and 12 to evaluate the splanchnic and
peripheral glucose uptake.

Results: Pemafibrate, but not the placebo, significantly increased the splanchnic glucose
uptake rate from baseline (196 £ 59% with P = 0005 and 2.1 £ 74% with P = 0.78,
respectively), although no significant difference between the groups was observed

(P = 0.084). Conversely, peripheral glucose uptake rate was not significantly altered.
Pemafibrate, compared with the placebo, significantly decreased plasma triglycerides (—
614 £ 164% vs —2.5 + 414%, P = 0001), free fatty acids (—24.8 £ 23.2% vs 2.0 £+ 26.8%,
P = 0016) and gamma-glutamy! transpeptidase (—30 = 46 vs 10 £ 19 U/L, P = 0.009)
levels, and significantly increased fibroblast growth factor 21 (457.7 + 402.1 vs —

41.7 £ 374 pg/mL, P = 0007) levels.

Conclusions: Pemafibrate increased splanchnic glucose uptake from baseline in
patients with hypertriglyceridemia.

INTRODUCTION
Insulin resistance is an important risk factor for the develop-
ment of type 2 diabetes mellitus and cardiovascular diseases'?.

The presence of insulin resistance is indicated by an elevated
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homeostatic model assessment for insulin resistance (HOMA-
IR) score, and is associated with high triglyceride (TG) and low
high-density lipoprotein cholesterol (HDL-C) levels™.

Peroxisome proliferator-activated receptor (PPAR) agonists
are used for the treatment of dyslipidemia or type 2 diabetes.
PPARs are ligand-activated transcription factors of the nuclear
hormone receptor superfamily, which is composed of three
subtypes, including PPARy, PPARS and PPARy*. PPARy is
highly expressed in adipose tissues, and PPARy agonists sensi-
tize insulin action in both the liver and skeletal muscles, and
lower plasma glucose in type 2 diabetes” . PPARS is ubiqui-
tously expressed in multiple tissues, including the liver and
skeletal muscles®, and plays an essential role in mitochondrial
function, fatty acid (FA) oxidation and insulin sensitivity'® .
PPARa is highly expressed in multiple tissues with high FA
oxidation capacity, including the liver, kidneys, heart, skeletal
muscles and brown adipose tissues®. Additionally, PPARo ago-
nists, also known as fibrates, stimulate FA oxidation, suppress
FA and TG synthesis, and reduce plasma TG or TG-rich
lipoprotein levels"’. However, previous studies showed inconsis-
tent results regarding the effects of PPARo agonists on glucose
metabolism™'*'*1°,

Pemafibrate (K-877) has a more potent and selective stimula-
tory effect on PPARa than fenofibrate'”'®. We have recently
shown that pemafibrate treatment resulted in a significant
plasma TG decrease and HDL-C increase in patients with dys-
lipidemia with less adverse effects, such as increased serum cre-
atinine and liver enzyme'®, which are commonly observed and
associated with fenofibrate treatment®®. Therefore, we desig-
nated pemafibrate as a selective PPARo modulator (SPPARMo,)
with higher efficacy and safety than other agonists'”'®, Interest-
ingly, pemafibrate decreased fasting insulin levels and HOMA-
IR in patients with hypertriglyceridemia'®*'. Tt was unclear if
their glucose tolerance was normal or not in the pemafibrate
study; however, HOMA-IR was dependent on hepatic rather
than peripheral insulin sensitivity in individuals with impaired
fasting glucose/impaired glucose tolerance in another study”.
Furthermore, liver enzyme levels significantly decreased with
pemafibrate treatment'®, suggesting its beneficial effects on the
liver, which plays a key role in the homeostasis of blood glu-
cose. Therefore, we carried out the hyperinsulinemic-euglycemic
clamp study combined with oral glucose loading (OGL) to
investigate how pemafibrate improves insulin sensitivity in
patients with hypertriglyceridemia and insulin resistance.
Plasma free fatty acid (FFA), adiponectin, and fibroblast growth
factor 21 (FGF21) levels were examined to investigate whether
they are correlated with the effects of pemafibrate on insulin

s 23-25
sens1t1v1‘ty2 .

METHODS

Study design and participants

The present study was an exploratory pharmacology clinical
trial carried out in a randomized, parallel-group, placebo-con-
trolled, double-blind design at Matsuba Clinic, Kanagawa,

http://onlinelibrary.wiley.com/journal/jdi

Japan, between December 2013 and March 2015, in accordance
with the principles of the Declaration of Helsinki and in com-
pliance with the Good Clinical Practice Guidelines issued by
Japan’s Ministry of Health, Labor and Welfare (clinical trial
registration ID: JapicCTI-142410, registered on 10 January
2014). The study protocol was approved by the institutional
review board. All patients were fully informed of the nature of
the study and provided written consent before their participa-
tion. Men aged >20 years and postmenopausal women with
fasting TG levels between >200 and <500 mg/dL (>2.26 and
<5.65 mmol/L) and a HOMA-IR score between >1.6 and <4.0
were eligible. The following exclusion criteria applied: type 1
diabetes, poorly controlled type 2 diabetes (glycated hemoglobin
>8.0%), poorly controlled hypertension (>160 mmHg systolic
blood pressure or >100 mmHg diastolic blood pressure), poorly
controlled thyroid disorder, current or past history of hepatic
impairment and aspartate aminotransferase or alanine amino-
transferase (ALT) levels over threefold the upper limit of the
normal range. The HOMA-IR upper limit for the eligibility was
initially set at <3.0, because we were concerned about the possi-
bility of underestimating splanchnic glucose uptake (SGU), cal-
culated using glucose infusion rates (GIR) described below, in
patients with severe insulin resistance, as it was assumed diffi-
cult to maintain GIR >0 after OGL because of the potential
impairment of SGU. However, we did not encounter such
problems in the evaluation of patients with HOMA-IR of
approximately 3.0. Hence, the upper limit was raised to 4.0
during the study.

The study comprised a washout period, a screening period of
up to 8 weeks and a treatment period of 12 weeks. During the
study, the use of therapeutic agents for dyslipidemia and those
with possible effects on insulin sensitivity, such as antidiabetic
agents, angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, diuretics and [-blockers, were prohibited.
Subsequently, eligible patients were randomly assigned to
receive either pemafibrate (0.4 mg/day, b.id.) or placebo in a
2:1 ratio, to increase the probability of detecting the change in
SGU rate from baseline, using a permuted block method with
a block size of 6 after the screening period. An independent
third party generated the random allocation sequence, con-
firmed that the study drugs were indistinguishable, and carried
out the numbering and concealment of the drugs. All patients,
investigators and the study sponsor were blinded to the treat-
ment assignment during the study period. The study drugs
were administered orally every morning and evening after
meals for 12 weeks. The hyperinsulinemic-euglycemic clamp
test was carried out at weeks 0 and 12, and laboratory exami-
nations were carried out at weeks 0, 4, 8 and 12. Adverse
events were recorded throughout the study period.

Clinical laboratory analysis

Fasting blood and urine samples were collected from patients
at each attendance for clinical laboratory testing. The samples
at weeks 0 and 12 were collected before the clamp test and the
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administration of pemafibrate or placebo. Blood was also drawn
before the OGL and after the clamp test. The lipoprotein
cholesterol and apolipoprotein (Apo) levels were measured
using direct enzymatic and immunoassay methods, respectively.
Other common laboratory parameters were analyzed through
standardized laboratory methods, except for FGF21, which was
examined using an enzyme-linked immunosorbent assay with
human FGF21 enzyme-linked immunosorbent assay (BioVen-
dor R&D, Brno, Czech Republic). All measurements were car-
ried out by the LSI Medience Corporation (Tokyo, Japan).

Hyperinsulinemic-euglycemic clamp test combined with OGL
The SGU and peripheral glucose uptake (PGU) rates were
assessed through the hyperinsulinemic-euglycemic clamp tech-
nique combined with OGL. The hyperinsulinemic-euglycemic
clamp technique, which was developed by DeFronzo et al.**%,
has been used as the gold standard method in the evaluation of
insulin sensitivity. With this method, endogenous glucose pro-
duction or hepatic glucose production (HGP) can be measured
using 3-[*H]glucose, and hepatic glucose uptake can be mea-
sured in combination with OGL using a hepatic venous cathe-
ter. Kawamori et al>**" developed a modified clamp method
combined with OGL to non-invasively evaluate SGU, in addi-
tion to PGU, without the use of a tracer and hepatic venous
catheterization on the basis that the liver plays a key role in the
homeostasis of blood glucose in the post-absorptive state
through insulin-mediated hepatic glucose uptake, as well as
endogenous glucose production®. The modified clamp test was
used in the present study and carried out at weeks 0 and 12,
after confirmation that the participants had been fasting for
>10 h since their last meal. The clamp test at week 12 was
commenced after the administration of the study drug in the
morning. The insulin infusion rates and GIR were controlled
using the artificial pancreas STG-55 (Nikkiso Co., Ltd., Shi-
zuoka, Japan), an upgraded model of STG-22 that has been
widely used in Japan since 1987. The plasma glucose levels dur-
ing the clamp test were determined every minute through the
continuous glucose monitoring system in the STG-55 at a sam-
pling rate of 2 mL/h.

PGU Evaluation
A hyperinsulinemic state was achieved through primed-con-
stant insulin infusion at a rate of 17.9 pmol/kg/min, which cor-
responds to approximately 695 pmol/m®/min, given the average
Japanese physique. This was considered to be the rate to
achieve a steady-state plasma insulin (SSPI) level of
1,390 pmol/L, which could almost completely suppress HGP,
even in patients with insulin resistance’”. To attain the goal
of maintaining a steady-state plasma glucose level of approxi-
mately 95 mg/dL (5.3 mmol/L), GIR was automatically con-
trolled using STG-55, depending on the plasma glucose levels
determined using its continuous glucose monitoring system.
After the achievement of a steady-state GIR, PGU was deter-
mined based on the mean GIR for 30 min, which was obtained
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approximately 90-120 min after the initiation of the insulin
infusion. The mean GIR was divided by the SSPI and multi-
plied by 100 for convenience, and used as another PGU index
to adjust for the variation in the individual SSPI level.

SGU Evaluation

After the measurement of the mean GIR, OGL was carried out
to evaluate the SGU through oral administration of basically
0.3 g/kg glucose at weeks 0 and 12. After OGL, GIR was
accordingly decreased to maintain the plasma glucose levels
within a euglycemic range. The clamp test was continued until
the GIR returned to its steady-state level before OGL, thus
maintaining a steady-state plasma glucose level of approxi-
mately 5.3 mmol/L. The integrated GIR reduction, which
reflects the glucose amount that was absorbed but not taken up
by the liver, was subtracted from the amount of ingested glu-
cose (OGL). The resulting values were divided by OGL and
used as the SGU rate, that is: (OGL — ) AGIR) / OGL x 100
(%).

Statistical analysis

The primary and secondary efficacy end-points were the
changes from baseline in the SGU and PGU rates, respectively,
measured at week 12. The primary safety end-points were the
incidence rates of adverse events and adverse drug reactions.
We analyzed the primary and secondary efficacy end-points
using an analysis of covariance (ANcova) model with the base-
line value as a covariate. Other laboratory test parameters were
also analyzed using aNcova as post-hoc analysis. The continu-
ous and categorical data of the baseline characteristics were
analyzed using two-sample -test and Fisher’s exact test, respec-
tively. The reported P-values were two sided, and a value of
0.05 was considered to be significant. All randomized partici-
pants who received at least one dose of the study drug were
included in the safety-analysis set, which was for primary safety
analyses. Among them, those who had valid baseline and post-
baseline measurements for the primary and secondary efficacy
end-points without protocol deviations that can affect the effi-
cacy evaluation were included in the per-protocol set, which
was for primary efficacy analyses. The statistical power calcula-
tion was based on the results of a study that evaluated the
effect of pioglitazone on insulin resistance in patients with non-
insulin-dependent diabetes mellitus®. In the pioglitazone study,
the change from baseline in SGU rate was 30.8 & 34.4% and —
0.9 £ 21.0% in the pioglitazone and placebo group, respectively.
Therefore, between-group difference in this parameter was
assumed to be 30 % 30%, or potentially 30 = 20%, in the pre-
sent study. Approximately 30 patients were considered as a fea-
sible sample size for the present study. The estimated power
was 60% with the difference in SGU rate of 30 * 30%, but
91.1% with that of 30 £ 20%, in the setting with 24 patients
composed of 16 in the pemafibrate and eight in the placebo
group. Because the present study was an exploratory clinical
pharmacology study, we set the target number of participants
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as 24 (16 in pemafibrate, 8 in placebo). All analyses were car-
ried out using SAS version 9.3 software (SAS Institute Inc.,
Cary, NC, USA). The primary and secondary efficacy and pri-
mary safety end-points were analyzed in accordance with a pre-
specified statistical analysis plan.

RESULTS

Recruitment and treatment of participants

Among 44 patients who provided informed consent, 27 patients
were eligible and randomly assigned to either the placebo
(n = 8) or pemafibrate (n = 19) group. All of the 27 patients
were included in the safety-analysis set, and 18 patients (7 and
11 in the placebo and pemafibrate groups, respectively) were
included in the per-protocol set because of protocol deviations
in nine patients, such as consent withdrawal (n = 1), discontin-
uation due to the occurrence of adverse events (n = 2), extre-
mely low TG levels at week 0 (n=1) or lack of paired
measurements to calculate the change in glucose uptake rates
due to failure of adhering to the hyperinsulinemic-euglycemic
clamp test protocol (n = 5).

Baseline characteristics

Tables 1 and 2 show the baseline characteristics and clinical
laboratory test results, respectively. Although men, post-
menopausal women and patients with type 2 diabetes were eli-
gible for the study, all the patients were men without type 2
diabetes. The mean values for the baseline parameters were as
follows: age 50 years; body mass index 25 kg/m? fasting TG
3.30 mmol/L; fasting plasma glucose 5.66 mmol/L; and fasting
insulin 83 pmol/L. All characteristics were comparable between
the groups.

Glucose clamp test

The SSPI levels before OGL during the clamp test in the pla-
cebo and pemafibrate groups were 1,714 + 438 and
1,741 % 240 pmol/L, respectively, at week 0, and 1,928 + 427
and 1,757 & 397 pmol/L, respectively, at week 12. These were
>1,390 pmol/L, the level at which the HGP can be almost com-
pletely suppressed, even in patients with insulin resistance. The
SGU rates significantly increased from baseline in the pemafi-
brate group (19.6%, P = 0.005), but not in the placebo group
(2.1%, P = 0.78; Figure la). No significant difference between

Table 1 | Baseline characteristics of the participants
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groups was observed (P = 0.084). Furthermore, the changes in
the mean GIR and GIR/SSPI from baseline and the differences
between the groups were not significant (Figure 1b,c).

Major laboratory data

Table 2 and Figure 2 present the major laboratory test results.
The TG, ApoCIII and FFA levels significantly decreased,
whereas HDL-C, ApoAl and ApoAll levels significantly
increased in the pemafibrate group compared with the placebo
group. The glycemic parameters were not altered at week 12;
however, the glycoalbumin level significantly decreased at
weeks 4 and 8 in the pemafibrate group compared with the
placebo group (Figure 2c). A similar trend was observed in the
fasting plasma glucose and fasting insulin levels over the study
period (Figure 2a,b). Further parameters showed significant
changes at week 12: the FGF21 level increased (Figure 2e) and
gamma-glutamyl transpeptidase level decreased throughout the
study period (Figure 2f). The ALT level also decreased,
although this change was not statistically significant. Several
correlations between the SGU or PGU rate and laboratory
parameters were found to be significant, but were not clinically
meaningful (data not shown).

Adverse events

No serious adverse event was observed during the study period.
The incidence rates of adverse events were 25.0% (2/8) and
10.5% (2/19) in the placebo and pemafibrate groups, respec-
tively. Six adverse events were observed in four patients, which
included arthropod sting and urticaria (n = 1), increased blood
creatine phosphokinase level, and abnormal liver function test
(n=1) in the pemafibrate group, and hypoglycemia (n = 1)
and upper respiratory tract inflammation (n = 1) in the pla-
cebo group. A causal relationship between pemafibrate treat-
ment and increased creatine phosphokinase level and abnormal
liver function test could not be excluded. Hypoglycemia
observed in the placebo group was attributed to the hyperinsu-
linemic-euglycemic clamp test process. Participation in the
study was discontinued for two patients in the pemafibrate
group due to the occurrence of adverse events: increased cre-
atine phosphokinase level and abnormal liver function tests
(n=1), and urticaria (n = 1). All patients who experienced
adverse events recovered within 14 days.

Placebo (n = 7)

Pemafibrate (n = 11) P-value (vs placebo)

Age (years) 464+ 77
Body mass index (kg/m?) 258 + 29
Waist circumference (cm) 908 + 65
Male 7 (100)
Current smoker 3 (429
Hypertension 0

516 £ 104 027

252+ 23 0.60

89.0 £ 68 058
11 (100) -
3(273) 023
2 (182 050

Data are presented as mean + standard deviation and n (%) for continuous and categorical values, respectively.
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Table 2 | Laboratory test results

Placebo Pemafibrate P-value
n=7 (n=11) (vs placebo)

TG (mmol/L)

Baseline 307 £ 060 345 £ 1.10

Week 12 299 + 134 124 £ 038

% Change 25+ 414 614 £ 164 0.001
HDL-C (mmol/L)

Baseline 108 £0.12 108 + 022

Week 12 107 £ 0.16 134 + 031

% Change —04 £ 125 242 + 156 0.004
Non-HDL-C (mmol/L)

Baseline 486 + 065 443 + 108

Week 12 508 + 089 392 £ 091

% Change 42+73 -96 + 200 0.060
ApoAl (mg/dL)

Baseline 123+ 12 122 £18

Week 12 127 £ 15 143 £ 21

% Change 33+97 179+ 121 0018
ApoAll (mg/dL)

Baseline 305+ 25 286 £ 45

Week 12 209+ 42 405 £ 55

% Change 2.1+ 108 427 £ 136 <0.001
ApoB (mg/dL)

Baseline 108 £ 16 95 + 22

Week 12 110 £ 18 91+ 19

% Change 1679 —-31+168 0238
Apodlll (mg/dL)

Baseline 158 + 36 16,1 £ 58

Week 12 149 £ 44 88+ 29

% Change —71 1+ 156 —423 £ 19.1 0.001
FFA (mEg/L)

Baseline 085 + 030 069 + 0.19

Week 12 084 +£ 024 051 £ 0.15

% Change 20 £ 268 —248 £ 232 0016
HbAc (%)

Baseline 5602 5602

Week 12 5703 58+ 03

Change 0101 02+02 0270
Glycoalbumin (%)

Baseline 124+ 13 128+ 1.1

Week 12 124+ 12 125+ 13

Change 00 £ 05 —-03+05 0.233
FPG (mmol/L)

Baseline 558 + 0.12 568 + 049

Week 12 561 024 565+ 095

Change 003 +£0.18 —003 £ 066 0691
Fasting insulin (pmol/L)

Baseline 850 + 284 793 £ 385

Week 12 1129 £ 764 105.7 £ 1471

Change 279 £ 556 264 £ 1138 0730
HOMA-IR

Baseline 31+ 1.1 30£18

Week 12 41 +£28 46 £ 80

Change 10+ 20 16 £63 0611
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Table 2 (Continued)

Placebo Pemafibrate P-value
nh=7 (n=11) (vs placebo)

FGF21 (pg/mL)

Baseline 3824 + 1406 409.1 £ 1795

Week 12 3407 £ 1439 8668 £ 4510

Change 417 £ 374 4577 £ 4021 0.007
Adiponectin (ug/mL)

Baseline 271 107 271 £108

Week 12 305+ 1.15 265 = 061

Change 034 £ 062 —-0.06 £ 063 0.131
AST (U/L)

Baseline 27 £10 2+7

Week 12 29+ 10 26 £10

Change 1+6 417 0513
ALT (U/D)

Baseline 41+ 24 28+ 11

Week 12 42 + 18 25112

Change 1113 -3+ 11 0.138
GGT (U/D)

Baseline 83+ 64 57 £55

Week 12 93+ 79 2714

Change 10419 -30+ 46 0009

Data are presented as mean % standard deviation. ALT, alanine amino-
transferase; Apo, apolipoprotein; AST, aspartate aminotransferase; FFA,
free fatty acid; FGF21, fibroblast growth factor 21; FPG, fasting plasma
glucose; GGT, gamma-glutamy! transpeptidase; HbA;, glycated hemo-
globin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeo-
static model assessment for insulin resistance; TG, triglyceride.

DISCUSSION

In patients with hypertriglyceridemia and insulin resistance,
pemafibrate treatment (0.2 mg b.i.d.) for 12 weeks resulted in a
significant increase in the SGU rate from baseline (P < 0.01),
although the difference between the pemafibrate and placebo
groups did not reach statistical significance (P = 0.084). The
changes in the PGU rates were not statistically significant, and
no clinically meaningful correlation was found between the
SGU or PGU rate and laboratory parameters. Given the signifi-
cant reduction in the plasma glycoalbumin level, we speculate
that the study was slightly underpowered to detect the differ-
ence in the SGU and PGU rates and the correlations. Taken
together, these findings indicate that pemafibrate might
improve insulin resistance on SGU regulation.

The methodology used to measure the SGU rate in the pre-
sent study has been well validated in other studies using similar
techniques®® " with several assumptions that should be recog-
nized: (i) ingested glucose was completely absorbed; (i) HGP
was completely suppressed; (iii) PGU was not affected by OGL;
and (iv) endogenous insulin secretion was not affected by OGL.

Conclusive evidence regarding the effects of PPARa agonists
on insulin sensitivity was not established. Bezafibrate decreased
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Figure 1 | Changes from (a—c) baseline to week 12 and (d-f) levels at weeks 0 and 12 in the (a, d) splanchnic glucose uptake (SGU) rate, (b, €)
mean glucose infusion rate (GIR) and (¢, f) mean GIR/steady-state plasma insulin (SSPI). The open and closed symbols indicate the placebo (n = 7)
and pemafibrate (n = 11) groups, respectively. Data are presented as (@—) the least squares mean * standard error of the mean estimated using
ANCovA with the baseline value as a covariate or (d—f) the mean + SD. **P < 007 versus baseline.

the HOMA-IR and increased the PGU in patients with type 2
diabetes'>'®. This finding might be attributed to the low
PPARx selectivity and partial PPARY agonistic activity, albeit
weak, of bezafibrate’®. GFT-505, a PPARo/S dual agonist,
improved the insulin-stimulated HGP suppression and PGU in
abdominally obese patients'®. This result could be associated
with the PPARS agonistic activity. In contrast, fenofibrate,
which has higher PPARa selectivity than bezafibrate, showed
inconsistent effects on insulin sensitivity, and no clinical studies
have shown improvement in the insulin-stimulated glucose
uptake either in the liver or peripheral tissues™'*. Therefore, the
suggestion from the present study that pemafibrate, which has
even higher PPARa selectivity than fenofibrate, might increase
SGU is interesting. A previous phase 2 study'” and an inte-
grated analysis of phase 2/3 studies*' showed that the HOMA-
IR decreased in patients with elevated HOMA-IR who were
treated with pemafibrate in a dose-dependent manner. How-
ever, this result was not reproduced in the present study, proba-
bly due to the smaller sample size and lower baseline HOMA-
IR compared with previous studies.

Next, we investigated the mechanism by which pemafibrate
possibly increases SGU and ameliorates insulin resistance.

The improvements in hepatic fat content, liver function
tests, and plasma FFA and adiponectin levels have been postu-
lated to mediate the effects of PPARy agonists on insulin-
stimulated glucose disposal and insulin-mediated HGP
suppression”’.

Although hepatic fat content was not measured in the pre-
sent study, hepatic TG content decreased in Zucker fatty rats,
and the B-oxidation-related gene expression in the liver of
Zucker fatty rats and mice, as well as primary human hepato-
cytes, increased after pemafibrate treatment'®*. The gamma-
glutamyl transpeptidase level significantly decreased and the
ALT level decreased, although this change was not statistically
significant, in the present study. Previous studies on the effects
of pemafibrate reported significant decreases in both gamma-
glutamyl transpeptidase and ALT levels'®°. Patients with non-
alcoholic fatty liver disease (NAFLD) have higher HOMA-IR
and/or lower GIR levels than those without NAFLD® .
Therefore, pemafibrate can possibly ameliorate the potentially
impaired liver function, which is a predisposing factor for
NAFLD. However, further studies are required, as in the pre-
sent study the diagnosis of NAFLD was not predetermined and
hepatic fat content was not measured.
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Figure 2 | Changes from baseline over time in the (a) fasting plasma glucose (FPG), (b) fasting insulin, (c) glycoalbumin, (d) homeostatic model
assessment for insulin resistance (HOMA-IR), (e) fibroblast growth factor 21 (FGF21) and (f) gamma-glutamyl transpeptidase (GGT) levels. The open
and closed circles indicate the placebo (n = 7) and pemafibrate (n = 11) groups, respectively. Data are presented as mean + standard deviation.

*P < 005, **P < 001 versus placebo.

In a previous study, the SGU rate was reduced through
exogenous lipid infusion to maintain elevated FFA levels during
the hyperinsulinemic-euglycemic clamp test in patients with
type 2 diabetes®. Therefore, decreased plasma FFA as a result
of pemafibrate treatment might contribute, at least in part, to
the increase in the SGU rate. However, HGP was stimulated
through lipid infusion in the relatively insulinopenic-hypergly-
cemic clamp method, but not in the hyperinsulinemic-euglyce-
mic clamp method, where HGP was almost completely
suppressed. Nevertheless, PGU was suppressed by the lipid
infusion in these studies**". Furthermore, FFA is well docu-
mented to compromise the insulin sensitivity in the skeletal
muscles rather than that in the liver™*. Therefore, the decrease
in the FFA level is unlikely to make a major contribution on
the increase in the SGU on treatment with pemafibrate. In this
regard, the effects of pemafibrate on plasma FGF21 are note-
worthy.

FGF21 is a novel member of the FGF family with different
metabolic effects, including decreased blood glucose and plasma
lipid levels. FGF21 expression is induced through starvation
and ketogenic diets through the PPARq signaling pathway”>*2.
Exogenous FGF21 administration in ob/ob mice restored the
insulin-mediated HGP suppression along with the increase in
glucokinase activity and hepatic glycogen content, although the
glucose 6-phosphatase activity remains unaffected, suggesting
that the net flux of glucose in the liver favored glucose
uptake®. Pemafibrate induced FGF21 expression in Zucker
fatty rats and humans more potently than fenofibrate'>.
Therefore, a pemafibrate-induced increase in plasma FGF21
might play a role in the mediation of insulin-dependent hepatic
glucose disposal. However, further studies are required to clarify
whether the effects of FGF21 can still be observed under condi-
tions with almost complete HGP suppression in a hyperinsu-
linemic state.

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

1329

J Diabetes Investig Vol. 9 No. 6 November 2018



ORIGINAL ARTICLE
Matsuba et al.

The adiponectin level did not increase on treatment with
pemafibrate compared with the placebo in the present study.
However, fenofibrate increased the adiponectin receptor expres-
sion and improved the adiponectin signaling in mice*. GFT-
505 improved the hepatic insulin sensitivity and liver function
test, but reduced the adiponectin levels compared with the pla-
cebo. Therefore, the investigators suggested that GFT-505 might
improve adiponectin signaling'.

Plasma FFA and FGF21 also play a role in the mediation of
peripheral insulin sensitivity>**>. However, it remains to be
established whether the significant changes in the FFA and
FGF21 levels induced by pemafibrate had an impact on PGU.

The present study had several limitations. First, the number
of patients in the per-protocol set was lower than the estimated
number to have sufficient statistical power, because a consider-
able number of patients were excluded from 44 patients who
provided informed consent; 17 were not eligible and nine were
excluded from the per-protocol set as described above. Second,
considering that the study participants were all Japanese and
men, the results might not be generalizable to other popula-
tions. Third, HGP was not evaluated in the present study.
However, according to the mean SSPI, residual HGP was
assumed to be negligible in the calculation of the SGU rate.
Fourth, even though the methodology used to measure the
SGU rate in the present study has been well validated in other
studies using similar techniques®*®* ", as discussed above, there
is no guarantee that all of the assumptions were well satisfied
in the present study. Specifically, endogenous insulin secretion
was not completely suppressed by exogenous insulin infusion
and could be stimulated by OGL even under the hyperinsuline-
mic clamp, which might have confounding effects on insulin-
mediated glucose production and uptake in the liver.

In conclusion, pemafibrate increased SGU from baseline in
patients with hypertriglyceridemia, possibly through the stimu-
lation of FA B-oxidation and improvement of liver function.
FGF21 might also be involved in this mechanism.
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